INTRODUCTION
============

Phaeohyphomycosis is a group of mycotic infections caused by dematiaceous (darkly pigmented) fungi that contain melanin in their cell walls. Currently, there are at least 57 genera and 104 species that can cause phaeohyphomycosis \[[@B1]\]. Among them, the major etiologic agents of phaeohyphomycosis are species of *Bipolaris*, *Exophiala*, *Curvularia*, *Chaetomium*, *Phoma*, *Exserohilum*, and *Wangiella*. Clinical manifestations of phaeohyphomycosis vary from superficial and subcutaneous to systemic. Subcutaneous infections mostly occur on the limbs in the fingers, wrists, knees, or ankles \[[@B1]\]. There have been several reports of *Exophiala salmonis* infections in fresh and saltwater salmonids, and there has been 1 report of a human infection \[[@B2], [@B3]\]. Here, we report the first case of subcutaneous phaeohyphomycosis in Korea caused by *E. salmonis* that was confirmed based on morphologic characteristics and molecular analysis.

CASE REPORT
===========

A 55-yr-old man was admitted to the hospital with a cystic mass and pus-like discharge from the left ankle ([Fig. 1](#F1){ref-type="fig"}). Three months prior, he had undergone surgery for a medial malleolar fracture. The cystic mass was soft, palpable, non-tender, and 5-6 cm in diameter. Four weeks after surgery, post-operative complications, including redness and swelling around the surgical site, were observed. Although the infection site was incised and drained and antibiotics were administered at a local clinic, his symptoms did not improve.

At that time, the patient had been an ambulatory diabetes mellitus (DM) patient for 18 yr, and his fifth toe had been amputated 5 yr prior due to DM complications of the foot. At the time of admission to our hospital, there were no distinctive symptoms, such as pain, heat sensation, burrows, or regional lymphadenopathy, except for the occasional pus-like discharge from the cystic mass. His temperature was 36℃, and his other vital signs were within the normal limits. Serum C-reactive protein level (6.53 mg/dL, reference range (RR): 0-0.3 mg/dL) and erythrocyte sedimentation rate (92 mm/hr, RR: 0-22 mm/hr) were elevated. The mass was incised and drained, and a fluid specimen was sent to the microbiology laboratory for culture on the second day of hospitalization.

There was no bacterial growth on the blood agar plates after 7 days of incubation, but several dark gray colonies, 1-3 mm in diameter, appeared along the streak line after incubation in 5% CO~2~ at 35℃ for 3 days ([Fig. 2](#F2){ref-type="fig"}). These colonies were also observed after subculturing on Sabouraud dextrose agar that was incubated at 30℃ for 14 days. The colonies grew to 21 mm in diameter. The colonies were circular, brownish black in color, and smooth. Initially, skin- or yeast-like colonies were observed and later developed a velvety, black felt-like appearance ([Fig. 3](#F3){ref-type="fig"}); the reverse side of each colony was also dark. Microscopic morphologic examination using lactophenol cotton blue staining method revealed colonies consisting of septate hyphae with poorly differentiated, or sometimes tubular, short flask-shaped annellides. Septate ellipsoidal or cigar-shaped conidia accumulating at the tip of an annellide were a distinctive characteristic of this fungal colony ([Fig. 4](#F4){ref-type="fig"}). Based on the morphologic investigation, a tentative identification of the fungi was possible, an *Exophiala* species.

We performed direct sequencing analysis of the internal transcribed spacer (ITS) region of the ribosomal DNA (rDNA) for identification of the fungi upto the species level. Fungal DNA was extracted using the MagNA Pure LC DNA Isolation Kit (Roche Diagnostics, Manheim, Germany). PCR was performed using a thermal cycler (Model 9700; Applied Biosystems, Foster City, CA, USA), and amplified products were sequenced using a BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Foster City, CA, USA) and an ABI Prism 3130 Genetic Analyzer (Applied Biosystems). ITS region sequences covering ITS1, the 5.8S rDNA, and ITS2 were amplified using ITS-1 (1F: 5\'-TCC GTA GGT GAA CCT GCG G-3\')/ITS-4 (4R: 5\'-TCC TCC GCT TAT TGA TAT GC-3\') and ITS-5 (5F: 5\'-GGA AGT AAA AGT CGT AAC AAG G-3\')/ITS-4 (4R: 5\'-TCC TCC GCT TAT TGA TAT GC-3\') primer sets. The amplified sequences were compared and searched for in the GenBank National Center for Biotechnology Information (NCBI) database using the basic local alignment search tool (BLAST) algorithm. The GenBank BLAST search revealed 99.7% (615/617 bp) homology with a previously sequenced *E. salmonis* strain (GenBank accession number: AY213652.1), based on the ITS rDNA gene sequencing. The second best matched strain was an *Ascomycota* spp. (GenBank accession number: GUg66589.1) with 94% (602/639 bp) homology. Until discharge on day 14, the patient received surgical treatments, including incision, drainage, irrigation, and debridement and wound closure without the administration of antifungal agents and was monitored closely as an outpatient.

DISCUSSION
==========

Phaeohyphomycosis, first described by Ajello et al. in 1974, literally means a condition of dark hyphal fungus regardless of the causative organism \[[@B4]\]. Phaeohyphomycosis is broadly classified as a deep systemic, subcutaneous, cutaneous, corneal, or superficial mycosis on the basis of the infection site. Subcutaneous infections occur primarily on the extremities, such as the fingers, wrists, knees, or ankles. This may be because these sites are easily exposed due to trauma and wounds and are contaminated by soil, plants, or decomposing wood material, which leads to direct fungal inoculation. Initial manifestations of subcutaneous lesions are often swollen cysts, which are filled with pus and granuloma at the site of probable trauma. These lesions should be differentiated from fibroma, lipoma, sebaceous cysts, and other disorders \[[@B1]\]. On histopathologic examination, an abscess surrounded by connective tissue and suppurative granulomatous inflammation was observed \[[@B5]\]. As the number of immunocompromised patients (solid-organ transplant recipients, patients with hematologic malignancies, and patients receiving corticosteroids) has increased, so has the number of phaeohyphomycosis reports \[[@B6], [@B7]\]. However, the immunocompromised state is not a necessary condition for phaeohyphomycosis. Phaeohyphomycosis has also been reported in healthy patients, patients who have never received immunosuppressive drug treatment, and those testing negative for DM and HIV infections \[[@B8]\].

The most common agents of subcutaneous phaeohyphomycosis are *Exophiala jeanselmei* followed by *Exophiala dermatitidis* \[[@B1], [@B9], [@B10]\]. Although rarely seen in Korea, there have been several reports of subcutaneous phaeohyphomycosis caused by *E. jeanselmei*, *E. dermatitis*, *Drechslera dematioidea*, and *Phoma* spp. However, there are no reports of *E. salmonis* \[[@B5], [@B10]-[@B14]\] causing phaeohyphomycosis. *E. salmonis* is an aquatic fungus and is a widely recognized fish pathogen \[[@B3]\]. In 2006, Madan et al. \[[@B2]\] reported the first and only case of phaeohyphomycosis caused by *E. salmonis* presenting as multiple painless nodules over the elbow and knee. A yellow pus-like discharge was occasionally observed, and the patient had previously received immunosuppressive treatment with cyclophosphamide and fludarabine for non-Hodgkin\'s lymphoma and prednisolone for autoimmune hemolytic anemia. The etiologic agent was identified by morphological characteristics alone, as molecular diagnosis was not conducted at that time. The probable cause of inoculation of the etiologic organism was wound exposure to contaminated plant materials. In many reported cases, fungal infections were preceded by trauma to the skin. In the case presented here, the patient had a history of traumatic malleolar fracture, was suffering for DM for 18 yr, and had severe DM complications. Therefore, it was assumed that the complexity of this infection was due to trauma history, wound contamination, and delayed healing due to DM.

In recent years, diagnostic molecular techniques have been used in bacteriology and mycology. For molecular diagnosis, we used direct sequencing of ITS regions that have been used as reference sequences and accumulated in a public database. Despite the variety of resolutions available depending on the genus, sequencing of rDNA ITS regions may be useful for fungal identification as recommended by the CLSI \[[@B15], [@B16]\]. Using this method, the isolated colonies were identified as *E. salmonis* when compared to the GenBank database using the BLAST algorithm. The microscopic morphology among *Exophiala* spp. was similar in that the young cultures were comprised of many yeast-like, budding, oval to round cells ultimately producing septate hyphae with numerous annellides. In addition, ellipsoidal and cylindrical conidia accumulated at the end of the conidiogenous cells. Although septate conidia with rounded distal ends are characteristic feature of *E. salmonis*, conidia without septation is sometimes observed. Due to the limitations of morphological discrimination, identification at the species level can be made via molecular analysis. A clinically accurate identification of *Exophiala* spp. via direct sequencing was needed, because earlier reports indicate that the clinical course differed according to species. Further, *E. salmonis* infections are no longer confined to fish and are now known to occur in humans \[[@B2], [@B17]\]. *E. dermatitis* often causes systemic infection, while *E. xenobiotica* and *E. jeanselmei* usually cause mild cutaneous and subcutaneous infections in humans \[[@B18]\].

Surgical excision of the lesion with or without the use of antifungal agents has been widely used in the treatment of subcutaneous phaeohyphomycosis. It has been reported that itraconazole, ketoconazole, amphotericin B, and flucytosine appear to be effective treatments for patients with phaeohyphomycosis \[[@B19]\]; however, there is no sufficient clinical data regarding the treatment of subcutaneous phaeohyphomycosis caused by *E. salmonis*. Additional research needs to be conducted in order to standardize antifungal agent regimens.
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![Colony morphology of *Exophiala salmoni*s on the blood agar plates after 3 days incubation. Black colonies 1-3 mm in diameter can be observed along the streak line.](alm-32-438-g002){#F2}

![Colony morphology of *Exophiala salmonis* on Sabouraud dextrose agar after 14 days incubation. The colony surface is brownish-black and velvety or felt-like. The reverse side of the colony is also black.](alm-32-438-g003){#F3}

![Septated ellipsoidal or cylindrical conidia at the annellide. Septated hyphae with poorly differentiated or sometimes tubular, short flask-shaped annellides are observed (lactophenol cotton blue stain, ×400).](alm-32-438-g004){#F4}
